A novel Gram-stain-positive, aerobic, non-motile actinobacterium, designated strain WP1 T , was isolated from a deep-sea sediment sample collected from the Indian Ocean, and examined in a taxonomic study using a polyphasic approach. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain WP1
The genus Amycolatopsis, belonging to the family Pseudonocardiaceae, was first described by Lechevalier et al. (1986) with Amycolatopsis orientalis as the type species, and the description was emended by Lee (2009) . Species of the genus Amycolatopsis have been isolated from diverse environments such as soil (Zucchi et al., 2012) , plant roots (Duangmal et al., 2011) and clinical material (Labeda et al., 2003) . At the time of writing, the genus Amycolatopsis contains more than 60 defined species (http://www.bacterio. net/amycolatopsis.html). Members of the genus Amycolatopsis are Gram-stain-positive, non-acid-fast, non-motile actinomycetes that form branched vegetative hyphae. The hyphae undergo fragmentation into rod-like and squarish elements. The genus contains meso-diaminopimelic acid, arabinose and galactose in the cell-wall peptidoglycan [wall chemotype IV sensu (Lechevalier & Lechevalier, 1970) ]. The predominant menaquinone type is MK-9(H 4 ); phosphatidylethanolamine is a diagnostic phospholipid [type II sensu (Lechevalier et al., 1977) ] and the G+C content of the genomic DNA ranges from 66 to 73 mol%. The aim of the present polyphasic study was to clarify the taxonomic position of a novel strain, WP1
T , of the genus Amycolatopsis.
Strain WP1
T was isolated from a deep-sea sediment sample collected from the Indian Ocean at site TVG1 (27.9 S 63.5 E; À2945 m). Serial dilutions of sample suspensions were transferred onto modified Zobell 2216E agar (MZ2; 1.0 g yeast extract, 5.0 g tryptone, 34 g NaCl, 15 g agar and 1 l distilled water, pH 7.4-7.6). Samples were incubated at 28 C for 21 days. The isolate was maintained on MZ2 slants at 4 C and preserved as suspensions of mycelial fragments in glycerol (20 %, v/v) 
Genomic DNA extraction and PCR amplification of the 16S rRNA gene of strain WP1 T were performed as described by Li et al. (2007) . The near-complete 16S rRNA gene sequence was obtained with primers 27F (5¢-AGAG TTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGTTACC TTGTTACGACTT-3¢) (Lane, 1991) . The sequence was compared with 16S rRNA gene sequences of recognized species from GenBank via the BLAST program and the EzTaxon-e server (Kim et al., 2012) . All sequence alignments were analysed with the MEGA6 software package (Tamura et al., 2013) . Phylogenetic trees were reconstructed using three tree-making algorithms, neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) . The stability of relationships were evaluated by performing bootstrap analysis based on 1000 replications (Felsenstein, 1985 T and other species of the genus Amycolatopsis with validly published names were below 97.0 %. The phylogenetic trees based on the neighbour-joining, maximum-parsimony and maximumlikelihood algorithms indicated that strain WP1
T formed a distinct branch within the radiation encompassing the members of the genus Amycolatopsis (Figs 1, S1 and S2; Figs S1 and S2 available in the online Supplementary Material).
Cell morphology was observed with light microscopy (BH-2; Olympus), transmission electron microscopy (H-600; Hitachi) and scanning electron microscopy (Quanta 450; FEI) using cells that had been grown for 1.5-7days on MZ2 medium at 30 C. Gram staining was carried out by the standard Gram's reaction as described by Cerny (1978) . Growth was tested at different temperatures (4, 10, 15, 20, 25, 28, 30, 35, 37, 40, 45 and 50 C) and pH (4.0-12.0, at intervals of 1.0 pH unit). NaCl tolerance (0-20 %, w/v) was also tested using salt-free MZ2 medium as the basal medium. Cell motility was tested by the development of turbidity throughout a tube containing semisolid medium as previously described by Leifson (1960) . Growth under anaerobic conditions was determined by incubation on MZ2 in an anaerobic chamber at 30 C for about one month. Catalase activity was determined by bubble production upon addition of a drop of 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Nitrate reduction, gelatin liquefaction, methyl red test, Voges-Proskauer reaction, production of H 2 S and melanin, as well as hydrolysis of casein, starch and cellulose were determined as described by Ruan & Huang (2011) . Other physiological and biochemical characteristics were determined using the API 20E and API ZYM systems (bioM erieux), according to the instructions of the manufacturer. A. marina JCM 16121 T and A. palatopharyngis JCM 12460 T , obtained from the Japan Collection of Microorganisms (JCM), and A. magusensis DSM 45510
T obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ), were used as reference strains for morphological, physiological and biochemical analyses under the same experimental conditions as strain WP1
T .
Strain WP1 T was identified as a Gram-stain-positive, aerobic, non-motile, catalase-positive and oxidase-negative actinomycete; it formed well-developed branched substrate mycelium as well as profuse aerial mycelium on MZ2 medium. Light yellow substrate mycelia bore whitish aerial hyphae that fragmented into squarish rod-shaped elements (Fig. S3) . Diffusible pigments were not produced. Differential phenotypic characteristics of the isolate from its phylogenetic neighbours, A. magusensis, A. palatopharyngis and A. marina are presented in Table 1 . Strain WP1
T differed from the three reference strains in growth temperature, pH, NaCl tolerance, production of lysine decarboxylase and ornithine decarboxylase, as well as the activity of b-galactosidase and b-glucosidase.
For chemotaxonomic analyses, cell biomass of the organisms was obtained from cultures grown on tryptic soy agar (TSA; Difco) for fatty acid analysis and on MZ2 for other analyses. Fatty acids were saponified, methylated and extracted using the standard protocol of the MIDI Sherlock Microbial Identification System (version 6.1), analysed by GC (GC6850; Agilent) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , separated by twodimensional TLC and identified using the procedure described by Minnikin et al. (1977) . Isomers of diaminopimelic acid and sugars in whole-cell hydrolysates were prepared according to the methods of Lechevalier & Lechevalier (1970) and analysed by TLC (Staneck & Roberts, 1974) . Respiratory quinones were analysed using ultraperformance liquid chromatography-mass spectrometry (UPLC-MS) as described by Kaiser et al. (2012) .
The cell-wall diamino acid in the peptidoglycan layer of strain WP1
T was meso-diaminopimelic acid and whole-cell sugars included arabinose and galactose. The total polar lipids were phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylmethylethanolamine, four unknown phospholipids and one unknown glycolipid (Fig. S4) T were MK-9(H 4 ) (50.9 %), MK-7 (46 %) and MK-8(H 4 ) (3.1 %). MK-9(H 4 ) as a major component was similar to other members of the genus Amycolatopsis. The presence of a considerable amount of MK-7 was a distinctive feature distinguishing strain WP1
T from A. magusensis DSM 45510 T , A. palatopharyngis JCM 12460 T and A. marina JCM 16121 T . The cellular fatty acids (>5 %) were iso-C 16 : 0 (30.1 %), C 17 : 1 !8c (13.2 %), C 17 : 1 !6c (10.6 %), summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c, 6.2 %), iso-C 15 : 0 (6.1 %), C 17 : 0 (5.6 %) and C 18 : 0 (5.2 %).
Detailed fatty acid profiles of the isolate and its closely related phylogenetic neighbours are presented in Table S1 .
To further determine whether strain WP1
T represents a distinct species in the genus Amycolatopsis, DNA-DNA hybridizations were performed by applying the method of LovelandCurtze et al. (2011) Wayne et al. (1987) . The DNA G+C content was determined as described by Mesbah et al. (1989) and a mean value of 72.2 mol% was obtained, which was in the range of 66 to 73 mol% for the genus Amycolatopsis (Henssen et al., 1987) .
Based on the results of phenotypic, genotypic and phylogenetic analyses, strain WP1 T represents a novel species of the genus Amycolatopsis, for which the name Amycolatopsis albispora sp. nov. is proposed.
Description of Amycolatopsis albispora sp. nov.
Amycolatopsis albispora [al.bi.spo¢ra. L. adj. albus white; N. L. n. spora (from Gr. n. spora a seed) spore; N.L. fem. adj. albispora having white spores].
Cells are Gram-stain-positive, aerobic, non-motile, catalase-positive and oxidase-negative. The organism forms well-developed branched substrate mycelium as well as profuse aerial mycelium on MZ2 medium. Light yellow substrate mycelia bear white aerial hyphae that fragment into squarish rod-shaped elements. Diffusible pigments are not produced. Growth occurs at pH 5.0-11.0, 4-45 C and in the presence of 0-8 % (w/v) NaCl. Optimal growth is at 30-35 C, pH 8.0-9.0 and in the presence of 0-3 % (w/v) NaCl. Positive for nitrate reduction, Voges-Proskauer reaction and hydrolysis of casein, starch and cellulose. Negative for gelatin liquefaction, methyl red test and production of H 2 S and melanin. In the API ZYM strip, positive for the activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetylb-glucosaminidase; negative for the activity of lipase (C14), a-galactosidase, a-mannosidase, a-chymotrypsin, b-glucuronidase, trypsin and a-fucosidase. According to the API 20E system, cells are positive for arginine dihydrolase, urease, gelatinase, citrate utilization and Voges-Proskauer reaction, but negative for b-galactosidase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, production of H 2 S and indole, as well as acid production from arabinose, rhamnose, glucose, mannitol, inositol, sorbitol, sucrose, amygdalin and melibiose. Whole-cell hydrolysates contain meso-diaminopimelic acid, arabinose and galactose. The predominant menaquinones are MK-9(H 4 ) and MK-7. The polar lipid profile contains phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylmethylethanolamine, four unknown phospholipids and one unknown glycolipid. The major cellular fatty acids are iso-C 16 : 0 , C 17 : 1 !8c and C 17 : 1 !6c.
The type strain, WP1
T (=KCTC 39642 T =MCCC 1A10745 T ) was isolated from a deep-sea sediment sample of the Indian Ocean. The G+C content of the genomic DNA of the type strain is 72.2 mol%. 
